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FLEXIBLE TUBE ARRANGEMENT-HEAT EXCHANGER DESIGN

FIELD OF THE INVENTION

[0001] The present invention relates to heat exchangers, and more

particularly to universal fins that can be used in fin on tube heat exchangers.

BACKGROUND OF THE INVENTION

[0002] Heat exchangers are used in a wide variety of applications and

come in a wide variety of configurations to fit these various applications. One

particular application in which heat exchangers are used is as condensers in

refrigeration cabinets. The condensers in the refrigeration cabinets can come in

a variety of configurations. When a condenser is installed underneath the

refrigeration cabinet, the heat exchanger is generally a wire-on-tube condenser.

These condensers underneath the refrigeration cabinet have a much larger

horizontal dimension then vertical dimension, assuming a horizontal air flow.

When the condensers are installed in the machine compartment of the

refrigeration cabinet, the condensers will have a larger vertical dimension than

horizontal dimension, assuming a horizontal air flow. Because these condensers

have a larger vertical dimension then horizontal dimension, the configuration of

these condensers is typically that of a jelly-roll condenser or a multi-layer wire-

on-tube configuration. Therefore, the configuration of the condenser in a

refrigeration cabinet can vary depending on whether the condenser is positioned
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underneath the refrigeration cabinet or within a machine compartment of the

cabinet.

[0003] Because the configurations vary, a manufacturer of refrigeration

cabinets must have available a variety of heat exchanger configurations

dependent on where the condenser is to be placed. In an effort to simplify the

manufacturing process and to reduce cost, it would be desirable to have a

common condenser configuration that can be used in either location. It would be

further desirable if the common condenser configuration can utilize a universal fin

that could be cut or separated to form one or more fins for either configuration

regardless of the vertical or horizontal dimensions of the condenser

configuration.

[0004] In domestic refrigerators, heat exchangers are used to form

both evaporators and condensers. When the heat exchangers are configured to

be evaporators in domestic refrigerators, they have a relatively small inlet for air

and a comparably long air path through the evaporator. That is, assuming a

vertical airflow, the evaporators are configured to have a much larger vertical

dimension than horizontal dimension.

[0005] The heat exchangers that are typically configured to perform as

either evaporators or condensers for domestic refrigerators use a tube and fin

pattern that is different depending upon whether the heat exchangers are

configured as evaporators or condensers. The different configurations do not

allow for the use of a common fin to make the heat exchangers. Therefore, a

manufacturer of these heat exchangers must maintain not only different
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configurations but also a variety of fin patterns that can be used on the differing

configurations of the heat exchangers. It would be desirable if the configurations

of the heat exchangers were similar enough that a universal or common fin

pattern could be used to provide fins for the heat exchanger regardless of

whether the heat exchangers are configured as condensers or as evaporators.

The use of a universal or common fin pattern will reduce the cost of

manufacturing the heat exchanger by reducing the variety of fins the

manufacturer of heat exchangers will be required to produce and/or stock and

reducing the capital investment required to purchase and maintain stamping dies

for each different fin pattern.

[0006] Therefore, it would be desirable to provide a heat exchanger

that can be configured with either a larger number of tube passes parallel to the

airflow or tube passes perpendicular to the airflow and that will utilize the same

universal or common fin pattern. The use of a common or universal fin pattern

thereby reduces the cost to manufacture and provide heat exchangers of varying

configurations. Additionally, it would be desirable if the tube pattern were such

that the tube passes were oriented relative to the airflow for an optimal or highly

efficient heat transfer.

SUMMARY OF THE INVENTION

[0007] The present invention allows for the construction of heat

exchangers that can be configured as either evaporators or condensers and

utilize a common or universal fin regardless of the number of vertical and
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horizontal tube passes in the heat exchangers. A universal fin for use in a fin on

tube heat exchanger according to the principles of the present invention includes

a sheet of heat conducting material that is configured to be separated to form

one or more fins for use on the fin on tube heat exchanger regardless of a

number of vertical and horizontal pairs of tubing segments in the heat exchanger.

The sheet has a width and a height. There are a plurality of openings in the

sheet. Each of the openings is configured to allow a pair of generally parallel

tubing segments of the heat exchanger to pass therethrough. The openings are

canted relative to the width and height of the sheet. The openings are arranged

on the sheet into a plurality of rows and a plurality of columns with adjacent rows

being generally equally spaced apart and adjacent columns being generally

equally spaced apart. The spacing between adjacent rows and adjacent

columns is dimensioned to allow the sheet to be separated between at least one

of the adjacent rows and the adjacent columns to form one or more fins that each

contain a plurality of openings at least equal to a number of pairs of tubing

segments in the heat exchanger.

[0008] A fin on tube heat exchanger having a fin formed from a

universal fin sheet is also disclosed. The heat exchanger includes a tube portion

having a plurality of straight segments of tubing interconnected by a plurality of

connecting segments of tubing with each connecting segment interconnecting

two straight segments. The straight and connecting segments are arranged in a

sinuous configuration. The tube portion has a known quantity of vertical and

horizontal pairs of tube passes. There is at least one fin on the tube portion. The
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fin is separated from a universal fin sheet having a width, a height and a plurality

of openings with each opening configured to allow a pair of tube passes to pass

therethrough. The openings are arranged on the universal fin sheet into a

plurality of rows and a plurality of columns with adjacent rows being generally

equally spaced apart and adjacent columns being generally equally spaced

apart. The spacing between adjacent rows and adjacent columns is

dimensioned so that the universal fin sheet can be separated between at least

one of the adjacent rows and adjacent columns to form the fin having a quantity

of openings at least equal to the number of pairs of tube passes regardless of a

number of vertical and horizontal pairs of tube passes in the tube portion. The fin

formed thereby has a quantity of openings at least equal to the number of pairs

of tube passes in the tube portion and is arranged on the tube portion with each

pair of tube passes of the tube portion passing through one of the openings in the

fin.

[0009] The present invention also discloses a method of making a fin

on tube heat exchanger. The method includes: (1) separating at least one fin

having a predetermined quantity of openings from a preformed universal fin

sheet that is configured to be separated to provide one or more fins for use on a

heat exchanger regardless of a number of vertical and horizontal pairs of tube

passes in a tube portion of the heat exchanger on which the at least one fin is to

be used; and (2) positioning the fin on the tube portion of the heat exchanger with

pairs of tube passes passing through the openings.
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[0010] Further areas of applicability of the present invention will

become apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating

the preferred embodiment of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully understood from

the detailed description and the accompanying drawings, wherein:

[0012] Figure 1A is a front elevation view of a universal fin according to

the principles of the present invention;

[0013] Figures 1B and 1C are front elevation views of continuous fins

that can be formed from the universal fin in Figure 1A;

[0014] Figure 2 is a perspective view of a tube portion of a heat

exchanger according to the principles of the present invention;

[0015] Figure 3 is a perspective view of a heat exchanger according to

the principles of the present invention having more vertical tube passes than

horizontal tube passes;

[0016] Figure 4 is a perspective view of a heat exchanger according to

the principles of the present invention having more horizontal tube passes than

vertical tube passes;
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[0017] Figure 5 is a perspective view of a universal fin according to the

principles of the present invention being stamped from a sheet of heat

conducting material;

[0018] Figure 6 is a perspective view of continuous fins made from the

universal fin of Figure 1 being arranged on the tube portion of Figure 2;

[0019] Figure 7 is a perspective view of the tube portion of Figure 2

being formed by bending a length of continuous tubing;

[0020] Figure 8A is a front elevation view of a second preferred

embodiment of a universal fin according to the principles of the present invention;

[0021] Figures 8B-D are front elevation views of exemplary continuous

fins that can be formed from the universal fin of Figure 8A; and

[0022] Figure 9 is a perspective view of a heat exchanger having fins

formed from the universal fin according to the second preferred embodiment of

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The following description of the preferred embodiment(s) is

merely exemplary in nature and is in no way intended to limit the invention, its

application, or uses.

[0024] Referring now to Figure 1 A, there is shown a universal fin 20

in accordance with the principles of the present invention. The universal fin 20

has a plurality of openings 22 that are each configured and adapted to allow tube

passes on a heat exchanger to pass therethrough when the universal fin 20 or a
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portion of the universal fin 20 is used as a fin on a fin on tube heat exchanger, as

will be explained in more detail below. The universal fin 20 has a height H and a

width W. The openings 22 are arranged into a plurality of columns 24 and a

plurality of rows 26. The columns 24 and the rows 26 are spaced apart such that

the universal fin 20 can be separated between the columns 24 or between the

rows 26 to form one or more fins 28, such as those shown in Figures 1B and 1C,

for use on a tube portion 30, such as that shown in Figure 2, of a fin on tube heat

exchanger 32, as will be discussed in more detail below.

[0025] Referring now to Figure 2, there is shown a tube portion 30

that can be used to make a fin on tube heat exchanger 32 according to the

principles of the present invention. The tube portion 30 is comprised of a plurality

of straight segments 34 and a plurality of connecting segments 36. Each

connecting segment 36 interconnects two straight segments 34 so that all of the

straight segments 34 are interconnected and form the tube portion 30 for use in

the heat exchanger 32. The tube portion 30, as is known in the art, has at least

one internal passageway (not shown) that allows a fluid to flow through the tube

portion 30.

[0026] The tube portion 30 has a plurality of horizontal and vertical

tube passes 38. A tube pass 38 is defined as the part of the tube portion 30 that

passes through a common opening 22 in a fin 28. The tube portion 30 will be

configured for the specific application in which the heat exchanger 32 is desired

to be used. That is, the number of vertical and horizontal tube passes 38 will

vary depending upon the application in which the heat exchanger 32 formed from
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the tube portion 30 is to be used. For example, as shown in Figures 2 and 3, the

tube portion 30 can be configured to have two horizontal tube passes 38 and

eight vertical tube passes 38 (a 2x8 configuration) or, as shown in Figure 4, the

tube portion 30 can be configured to have eight horizontal tube passes 38 and

four vertical tube passes 38 (an 8x4 configuration). Preferably, the tube portion

30 is configured so that the tube passes 38 are canted so that the heat

exchanger 32 formed from the tube portion 30 efficiently transfers heat.

[0027] Each tube pass 38 is comprised of a pair 40 of straight

segments 34 which pass through all or a portion of the fins 28 on the heat

exchanger 32. The two straight segments 34 are interconnected by a connecting

segment 36. The straight segments 34 and the connecting segments 36 are

formed into a sinuous or serpentine tube portion 30, as is known in the art, to be

used in the heat exchanger 32. Preferably, each straight segment 34 that forms

a pair 40 of straight segments are parallel to one another. Even more preferably,

all the straight segments 34 that comprise tube passes 38 are generally parallel.

A single straight segment 34 could also pass through all or a portion of each fin

28 on the heat exchanger 32.

[0028] Preferably, the tube portion 30 is configured so that adjacent

horizontal tube passes 38 are uniformly spaced apart. Also preferably, adjacent

vertical tube passes 38 are uniformly spaced apart. Even more preferably, the

spacing between adjacent horizontal tube passes 38 is generally the same as the

spacing between adjacent vertical tube passes 38. The uniform spacing

between adjacent horizontal and vertical tube passes 38 enables the universal fin
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20 to provide one or more fins 28 to be used with the tube portion 30 to form heat

exchangers 32 regardless of the number of horizontal and vertical tube passes

38, as will be described in more detail below.

[0029] The tube portion 30 can be made in a variety of manners.

For example, as shown in Figure 7, the tube portion 30 can be made by bending

a piece of continuous tubing 42 into the desired configuration. While the piece of

continuous tubing 42 is shown in Figure 7 as being bent by a tube bender 44, it

should be understood that other methods of bending a piece of continuous tubing

42 into a tube portion 30 having a desired configuration, as will be apparent to

those skilled in the art, can be employed and still be within the scope of the

invention as defined by the claims. Alternatively, the tube portion 30 can be

formed by connecting independent straight segments 34 with independent

connecting segments 36. That is, the tube portion 30, as is known in the art, can

be assembled from a plurality of discreet components. The connecting segments

36 can be connected to the straight segments 34 by brazing, adhesives, or other

means known in the art, without departing from the scope of the invention as

defined by the claims. The connecting segments 36, regardless of being discrete

components or part of the tube is slightly flattened in a rectangular die (not

shown) to facilitate insertion through openings 22 in universal fin 20.

[0030] Referring now to Figure 1 A, it can be seen that the openings

22 in the universal fin 20 are configured to allow a tube pass 38 to pass

therethrough. That is, the openings 22 are configured to allow a pair 40 of

straight segments and a slightly flattened connecting segment 36 to pass through
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the opening 22. The openings 22, are comprised of end portions 46 connected

by a central portion 48. The end portions 46 are rounded and substantially

complementary to the straight segments 34 that make up the tube portion 30.

End portions 34 have a collar or flange portion 49 (shown in Figure 6 only) that

contacts straight segments 34. End portions 46 have a radius that is slightly less

than a radius of the straight segments 34 to allow a press-fit connection with

good surface contact between straight segments 34 and fins 28. The central

portion 48 connects the end portions 46 and allows the slightly flattened

connecting segment 36 attached to the pair of straight segments 40 to pass

therethrough so that a fin 28 having the openings 22 can be positioned on a tube

portion 30 with each tube pass 38 passing through different openings 22 to form

a heat exchanger 32. Preferably, the end portions 46 and the intermediate

portion 48 are configured to form a "dog-bone" shape, as is known in the art.

Even more preferably, each opening 22 in the universal fin 20 is generally

identical. The openings 22 are canted relative to the height H and width W. The

tube portion 30 is configured so that the tube passes 38 are also canted and are

complementary to the canting of the openings 22.

[0031] As was stated above, the universal fin 20 is configured so

that one or more fins 28 can be separated from the universal fin 20 and used on

a heat exchanger 32 regardless of the number of horizontal or vertical tube

passes 38 that comprise the heat exchanger 32. To enable the universal fin 20

to provide one or more fins 28 for use on a heat exchanger 32 regardless of the

number of horizontal and vertical tube passes 38, the spacing between the
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openings 22 on the universal fin 20 generally need to be the same as the spacing

between the tube passes 38 on a tube portion 30. Preferably, adjacent columns

24 of openings 22 are generally equally spaced apart. Also preferably, adjacent

rows 26 of openings 22 are generally equally spaced apart. The tube portion 30

is configured so that the spacing between vertical tube passes 38 is generally the

same as the spacing between adjacent rows 26 of openings 22 in the universal

fin 20 and the spacing between horizontal tube passes 38 is generally the same

as the spacing between adjacent columns 24 of openings 22 in the universal fin

20.

[0032] Because the tube portion 30 is configured so that the

spacing between vertical and horizontal tube passes 38 are the same as the

spacing between the columns 24 and the rows 26, the universal fin 20 can be

separated between the rows 26 and/or columns 24 to form one or more

continuous fins 28 that can be used on the tube portion 30 to form a heat

exchanger 32 regardless of the number of horizontal and vertical tube passes 38.

For example, when the tube portion 30 is configured into the shape shown in

Figures 2 and 3, the tube portion 30 has two horizontal tube passes 38 and eight

vertical tube passes 38, a 2x8 configuration. To make a continuous fin 28 for use

on the 2x8 configuration, the universal fin 20 is separated between adjacent

columns 24 and adjacent rows 26 so that a continuous fin 28, as shown in Figure

1B, is formed that has two columns 24 of openings 22 and eight rows 26 of

openings 22. The fin 28, shown in Figure 1B, can then be used on the tube

portion 30 shown in Figure 2 to form the heat exchanger 32 shown in Figure 3.
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The universal fin 20 can also be used to provide one or more continuous fins 28

for use on a tube portion 30 having eight horizontal tube passes 38 and four

vertical tube passes 38, an 8x4 configuration, as shown in Figure 4. A fin 28 for

use on the tube portion 30 shown in Figure 4 can be separated from the

universal fin 20. That is, the universal fin 20 is separated between adjacent

columns 24 and adjacent rows 26 to form a continuous fin 28, as shown in Figure

1C, that has eight columns 24 of openings 22 and four rows 26 of openings 22.

The fin 28 shown in Figure 1C can then be used on a tube portion 30 shown in

Figure 4 to form the heat exchanger 32 shown in Figure 4.

[0033] Preferably, the universal fin 20 is separated so as to form a

plurality of continuous fins 28 having the same number of columns 24 and rows

26 so that the plurality of fins 28 can be aligned to form a fin bank 50 through

which the tube passes 38 of the tube portion 30 pass. That is, the plurality of fins

28 formed from a universal fin 20 are positioned on the tube portion 30 and

spaced along the tube passes 38 to form an efficient heat exchanger 32. It

should be appreciated that the universal fin 20 can be separated so as to form

continuous fins 28 having more or less number of columns 24 and/or rows 26

than the number of horizontal and/or vertical tube passes 38 if desired and still

be within the scope of the present invention.

[0034] Optionally, to facilitate the separation of the universal fin 20

to form one or more continuous fins 28, the universal fin 20 can be provided with

indicia 51 that extends between the adjacent columns 24 and/or between

adjacent rows 26. The indicia 51 indicates locations on the universal fin 20
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where the universal fin 20 can be separated to form the one or more fins 28. The

indicia 51 can be perforations in the universal fin 20. The perforations facilitate

the separating of the one or more fins 28 from the universal fin 20.

[0035] The one or more continuous fins 28 formed from the

universal fin 20 are assembled on the tube portion 30 by either sliding the tube

passes 38 through the openings 22 until the fins 28 are positioned in desired

locations on the tube portion 30, or by sliding the fins 28 along the tube passes

38 until the fins 28 are located at desired positions on the tube portion 30. The

fins 28 can then be secured to the tube portion 30, by a variety of methods.

Preferably the fins 28 are attached to the tube portion by a mechanical or

interference fit. The openings 22 can be configured so that the end portions 48

deform slightly as a result of the tube passes 38 extending through the openings

22. The deformation of the end portions 48 mechanically retain the fins 28 at

desired locations on the tube portion 30 and provide good surface contact

between fins 28 and tube portion 30. Alternatively, other methods of attaching

the fins 28 to the desired location of the tube portion 30, such as by brazing

and/or adhesives, may be employed.

[0036] The one or more continuous fins 28 that are made from the

universal fin 20 can be separated from the universal fin 20 in a variety of ways.

For example, the universal fin 20 can be cut between adjacent rows 26 and/or

adjacent columns 24 to form the one or more fins 28 having a desired number of

columns 24 and rows 26 of openings 22. Other methods of separating the

universal fin 20 between the columns 24 and/or rows 26, as will be apparent to
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those skilled in the art, can also be employed without departing from the scope of

the invention as defined by the claims.

[0037] The universal fin 20 can be formed by a variety of methods,

as will be apparent to those skilled in the art. For example, as shown in Figure 5,

the universal fin 20 can be die stamped from a sheet 52 of heat conducting

material. The sheet 52 of heat conducting material is positioned within a die

stamp 54. The die stamp then stamps the sheet 52 of heat conducting material

into the form of a universal fin 20, as is known in the art.

[0038] As was mentioned above, the configuration of the tube

portion 30 in a heat exchanger 32 will vary depending upon the application in

which the heat exchanger 32 is desired to be used. For example, when the heat

exchanger 32 is desired to be used in a domestic refrigerator, the heat

exchanger 32 can be configured to be either an evaporator 56 or a condenser

58. When heat exchanger 32 is configured to be a condenser 58 for application

in a machine compartment, the heat exchanger 32 will have a general shape as

shown in Figure 3. The condenser 58 is characterized by having a relatively

large inlet for air flow and a short path through the condenser 58 through which

the air flows. That is, the condenser 58 will have significantly more vertical tube

passes 38 than horizontal tube passes 38 with a horizontal air flow. While the

condenser 58 is shown as a 2x8 configuration, it should be understood the actual

configuration will vary and such variations are within the scope of the invention.

To make the condenser 58, the tube portion 30 is formed into the configuration

shown in Figure 2. Fins 28 having the same number of horizontal rows 26 and
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vertical columns 24 as the number of horizontal and vertical tube passes 38

(one-half the number of rows 26 and columns 24 as the number of straight

segments 34) are removed from the universal fin 20. The plurality of fins 28 and

the tube portion 30 are then assembled, as shown in Figure 6, to form the

condenser 58.

[0039] The tube portion 30 can also be configured so the heat

exchanger 32 takes the form of an evaporator or a condenser 56 for application

underneath a refrigerator. The evaporator or condenser 56 is characterized

having a relatively small Inlet for air flow and a comparably long path through the

evaporator or condenser 56 through which the air flows. Therefore, as can be

seen in Figure 4, the evaporator or condenser 56 is characterized by having a

significantly larger number of horizontal tube passes 38 than vertical tube passes

38 with a horizontal air flow. While the evaporator or condenser 56 is shown as

an 8x4 configuration, it should be understood that the actual configuration will

vary and such variations are within the scope of the invention. One or more

continuous fins 28, as shown in Figure 1C, are separated from the universal fin

20 so that the number of rows 26 and columns 24 of openings 22 on the fins 28

equals the number of horizontal and vertical tube passes 38 (one-half the

number of rows 26 and columns 24 as the number of straight segments 34) of

the tube portion 30. The fins 28 and tube portion 30 are then assembled to form

the evaporator 56.

[0040] Optionally, but preferably, the spacing between adjacent

columns 24 is generally equal to the spacing between adjacent rows 26. When
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the spacing between adjacent columns 24 and adjacent rows 26 is the same, the

tube portion 30 which is configured to use one or more continuous fins 28 from

the universal fin 20 has the vertical and horizontal tube passes 38 also equally

spaced apart and equal to the spacings between the adjacent columns 24 and

adjacent rows 26. The tube portion 30 can then utilize the universal fin 20 to

provide one or more continuous fins 28 to be assembled with the tube portion 30

to form a heat exchanger 32 having any desired number of vertical and horizontal

tube passes 38.

[0041] Referring now to Figure 8A, a second preferred embodiment

of a universal fin 20' is shown. In this embodiment, the openings 22' are

arranged in a tighter configuration such that a straight line cannot be drawn

between adjacent columns 24' of openings 22'. That is, openings 22' are canted

and the columns 24' are spaced apart a distance such than an upper portion of

one of the openings 22' will overlap a lower portion of an opening 22' in an

adjacent column 24'. With this spacing between adjacent columns 24', a straight

cut between columns 24' is not possible. Rather, adjacent columns 24' are

separated by making a scalloped or undulating cut between adjacent columns

24', such as shown in Figures 8B-D which are fins 28' of varying number of

columns 24* that were cut from universal fin 20' and have undulating edges.

[0042] The partial overlapping of an opening 22' in one column 24'

with an opening 22' in an adjacent column 24' allows for closer spacing between

tube passes 38' in a heat exchanger 32* formed with scalloped fins 28', such as

the heat exchanger 32' shown in Figure 9. The universal fin 20' can be cut or
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separated between adjacent columns 24' and/or rows 26' to form a fin 28' with a

desired number of columns 24' and rows 26', such as fins 28' shown in Figures

8B-D. Optionally, as shown in Figure 8A, universal fin 20' can have a lower most

row 60 which has a generally horizontal opening 62 for every two columns 24'.

Openings 62 are designed to correspond with a tube pass that goes from one

column 24' to an adjacent column 24'. Thus, universal fin 20' is substantially the

same as universal fin 20 with the positioning of adjacent columns 24' being

different along with the optional addition of a lowermost row 60 of openings 62.

[0043] As will be apparent to those skilled in the art, the universal

fin 20 can be used to provide one or more continuous fins 28, 28' for a variety of

configurations of a heat exchanger 32, 32' that has horizontal and vertical tube

passes that are spaced apart generally equal to the spacings between the

columns 24, 24' and rows 26, 26' of openings 22, 22' in the universal fin 20, 20'.

Therefore, while the universal fin 20, 20' has been shown as being able to

provide one or more continuous fins 28, 28' for use in a 2x8 configuration and an

8x4 configuration, it should be understood that universal fin 20, 20' can be used

to provide fins 28, 28' for n x n configurations, where n is a positive integer,

without departing from the scope of the invention as defined by the claims.

[0044] The description of the invention is merely exemplary in nature

and, thus, variations that do not depart from the gist of the invention are intended

to be within the scope of the invention. Such variations are not to be regarded as

a departure from the spirit and scope of the invention.
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